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Introduction ;and  Literature  Review 

In  the  search  for  new  insecticides  the  trend. is  toward  organic 
compounds.     Hargreaves  (2)1_/,  testing  a  large  number  of  metallic  and  non- 
metallic  organic  compounds  as  stomach  poisons  against  the  caterpillars 
of  pieris  rapae  L.  and'  SpilO  soma  lubricipeda  Esp.,.  found  that  the  metal- 
lic orgaaio  compounds  were  relatively  innocuous,  and  that,  of  the  non- 
metallic  compounds  tested,  naphthalene  derivatives  wore  the  most  promis- 
ing.   McAlister  and  Van  Leeuwen  (6)  tested  a  large  number  of  inorganic 
and  organic  compounds  against  the  larvae  of  Carpocapsa  •pomonella  L.  and 
the  majority  of  compounds  found  to  be  effective  were  organic. 

Hartzell  and  Wilcoxon  (3,4)  prepared  a  series  of  thio cyanogen 
compounds  and  tested  their  toxicity  as  sprays  against  Aphi s .  rumiei s  L. 
In  preliminary  tests  (3)  their  results  with  15  such  compounds  indicated 
thatV-  thiOcyanopropylphenylether  was  the  most  promising.    Later,  test- 
ing five  additional  compounds  of  this  type  (4),  they  found  trimethylene 
dithiocyanate  to  be  definitely  superior  to  any  of  the  other  thiocyanates 
tested.  • 

Campbell  and  coworkers  (l)  tested  68  synthetic  organic  compounds, 
most  of  which  contained  sulphur,  against  mosquito  larvae.  They  reported 
that  24  compounds  equaled  or  exceeded  nicotine  in  effectiveness,  and  of 
these  dibenzofuran  (diphenylene  oxide.)  and  dibenzothiophene  (diphenylene 
sulphide)  were  the  two  most  effective.  These  authors  also  state  that 
J.  W.  Bulger  reported  phenothiazinc  (thiodiphenylamine)  to  be  more  toxic 
than  rotenone,  a  finding  that  was  later  confirmed  by  the  senior  author. 


L/ 

Reference  is  made,  by  number  (in  parenthesis)  to.  Literature  Cited,  p.  34. 
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Smi'th,  Hunger,  and  Siegler  (7)  also  reported  phenothiazine  to  be 
toxic  to  codling  moth  larvae. 

Kagy  (5)  tested  a  number  of  nitrophenols  as  stomach  poisons  against 
the  corn  earworm,  Heliothis  obsoleta  F. ,  the  armyworm,   Cirphi  s  uniuuncta 
Haw.,  and  the  imported  cabbage  worm,  Pieris  rapae  L»,  and  reported  2,4- 
dinitro~6-cyclohexylphenol  and  its  salts  to  be  more  toxic'  to  the  corn  ear- 
worm  than  lead  arsenate,  although  other  compounds  structurally  related  to 
the  former  had  little  toxicity. 

The  present  investigation  is  a  continuation  of  the  work  with  syn- 
thetic organic  compounds;  in  which  mosquito  larvae  wore  used  as  the  test 
insects.     •  ... 

Rearing  Mosquito  Larvae  for  Tests 

Culicine  mosquito  larvae  are  easily  reared  and  have  proved  exceed- 
ingly susceptible  to  organic  compounds.     With  mosquito  larvae  as  test 
insects  differentiation  can  be  quickly  made  between  promising  and  unpromis- 
ing compounds.     Several  species  of  culicine  •  larvae  may  be  used,  the  choice 
depending  upon  their  abundance  in  a  given  locality.     Onlex  pipiens  L., 
C»  nigri palpus  Theob.,  C.  salinarius  Coq. ,  and  C.  qainquef asciatus  Say  have 
been  found  equally  susceptible  to  organic  compounds,  but  the  last  species 
has  been  used  chiefly  in  these  studies. 

'   Four-liter  jars  were  used  for  rearing  the  larvae.    Extreme  variations 
in  temperature  were  avoided  by  placing  the  rearing  jars  in  a  series  of 
constant-temperature  water  baths. 

Preliminary  experiments  running  several  weeks  were  made  to  determine 
whether  yeast  alone  or  in  combination  with  blood  albumin  would  be  the 
better'  food  for  rearing  the  mosquito  larvae.    A  mixture  of  the  two  sub- 
stances was  found  to  give  a  healthier  and  more  active  supply  of  larvae. 
The  stock  suspensions  were  made  up  as  follows:    One  pound  of  baker's  yeast 
was  suspended  in  a  liter  of  water,  and  a  blood-albumin  suspension  was  made 
up  first  in  the  form  of  a  paste  and  then  gradually  thinned  with  water  to 
give  a  10-percent  suspension.    The  yeast  suspension  was  refrigerated  at 
once,  but  the  blood  albumin  was  kept  at  room  temperature  for  several  days 
before  being  refrigerated.    As  soon  as  the  eggs  hatched  in  the  rearing 
jars,  50  cc  of  a  mixture  of  2  parts  of  yeast  suspension  to  1  part  of  blood 
albumin  was  added.    More  of  this  mixture  was  added  when  necessary. 

Over  crowding  usually  leads  tc  a  high  mortality  of  young  larvae.  On 
the  other  hand,  when  too  few  larvae  are  present  conditions  become  favorable 
for  the  formation  of  scum.    The  most  favorable  conditions  were  maintained 
by  placing  about  25-  egg  rafts  in  each  rearing  jar  and  keeping  an  even  tem- 
perature throughout  larval  growth.    The  surface  of  the  medium  in  the  rear- 
ing jars  was  gone  over  twice  each  day  with  a  cheesecloth  net,  to  remove 
any  scum.    The  medium  was  changed  after  the  larvae  reached  the  third  instar. 


-3- 


Di spar sing  Compounds  for  Testing 

The  few  compounds  that  were  soluble  in  water  were  dissolved 
directly  in  that  medium.    Most  of  the  others  were  soluble  in  acetone, 
and  were  introduced  into  the  water  by  the  addition  of  suitable  aliquots 
of  stock  solutions  in  that  organic  solvent.     Compounds  not  soluble  in 
either  water  or  acetone  wer«  mechanically  dispersed  as  suspensions  in 
the  testing  medium. 

Testing  Procedure 

Fifty  four  til- in  star  mosquito  larvae  were  placed  in  a  beaker  of 
distilled  water  at  26°  C. ,  and  the  test  material,  either  in  solution 
in  acetone  or  as  a  powder,  was  added.     The  mortality  at  the  end  of  16 
hours  was  recorded. 

Preliminary  tests  of  each  compound  were  made  at  five  different 
concentrations,  namely,  5,  10,  20,  40,  and  100  parts  per  million  parts 
of  water.     If  the  compound  killed  more  than  50  percent  of  the  larvae 
at  any  of  these  concentrations,  it  was  retested  to  find  the  minimum 
concentration  at  which  approximately  50-percent  mortality  was  obtained. 
With  materials  of  low  toxicity  the  results  obtained  at  100  p. p.m.  are 
given. 

Effect  of  Acetone  in  Water  on  Mosquito  Larvae 

Since  acetone-water  solutions  in  certain  proportions  are  in 
themselves  coxic  to  mosquito  larvae,  it  was  necessary  to  determine  the 
maximum  concentration  of  acetone  in  -.vater  that  was  not  toxic.  This 
proved  to  be  1.5  cc  per  100  cc.     In  the  tests  0.5  to  1  cc  of  acetone 
per  100  cc  of  water  was  used.     The  concentration  of  the  organic  compound 
in  acetone  solution  was  usually  20  mg. per  cc.    When  several  compounds 
were  to  be  tested  at  five  or  more  concentrations  simultaneously,  the 
same  quantify  of  acetone  was  used  in  each  test.     Water  checks  that  con- 
tained the  same  quantity  of  acetone  accompanied  each  series. 

Discussion  of  Mode  of  Action  of  Compounds 

Wnen  the  acetone  solutions  of  the  organic  compounds  were  added 
to  water,  they  formed  a  clear  solution,  a  fine  suspension,  or  a  heavy 
flocculent  precipitate. 

As  mosquito  larvae  can  ingest  solid  particles  from  water,  it  is 
evident  that  the  organic  compound  may  have  acted  as  a  contact  poison 
either  in  solution  or  in  suspension,  or  as  a  stomach  poison  either  in 
solution  or  in  suspension.    Also  it  is  possible  that,  if  the  material 
were  entirely  insoluble  in  the  acetone-water  solution  and  formed  a 
precipitate  that  settled  rapidly  to  the  bottom  of  the  beaker,  and  the 
particles  were  too  large  to  be  swallowed  by  the  larvae,  the  compound 
would  make  very  little,  if  any,  contact  with  larvae,  either  internally 
or  externally. 
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Cor.rpounds  Tested  and  Results 

The  400.  compounds  tested  and  the  results  obtained  are  summarized 
in  table.  1.     The  classification  of  the  compounds  reported  is  purely  an 
arbitrary  one.     Obviously  a  great  many  of  the  compounds  listed  could  be 
classed  in  any  one  of  several  groups.     Therefore  the  authors  do  not 
attach  very  great  weight  to  a  comparison  of  the  toxicity  of  one  group 
with  another  or  to  relative  toxicities  within  groups. 

Table  2  divides  each  of  the  individual  groups  into  percent  toxic 
and  percent  non-toxic  compounds. 

In  table  3  r.re  listed  the  23  compounds  found  most  toxic  in  this 
series  of  tests. 

Summary  of  Results 

Jour  hundred  synthetic  organic  compounds  were  tested  against 
culicine  mosquito  larvae.     Of  these  220  proved  effective  enough  to  kill 
about  50  percent  of  the  test  insects  in  16  hours  at  a  concentration  of 
100  p. p.m.,  and  23  were  adjudged  to  be  at  least  as  toxic  as  rotenone. 
The  10  most  toxic  compounds  tested,  all  of  which  are  considered  to  be 
better  than  rotenone,  are  phenothiazine,  4- (p-bromophenylazo)-resorcinol , 
4-(p-bromo-ohenylazo)-o-cresol ,  p- (p-bromophenylazo) -phenol,  4- (2, 5-dichloro- 
phenylazo)-o-cresol,  4- (p-bromophenylazo)-m-cresol ,  phenyl  m.rcaptan, 
phenothioxin,  p-tolyl  mercaptan,  and  6-methylphenothiazine . 
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Table  1.     Toxicity  of  synthetic  organic  compounds  to 
mosquito  larvae 


Name  of  compound 

Concen- 
tration 

Mode  0 f "^Mortal ity 
appli-      after  16 
cation  hours 

Solid 
partic! 
visibL 
in  wat' 

Hetrocyclic  Compounds 

P. p.m.  Percent 
with  Sulphur  in  6-Memoered  Ring 

Phenothiazine,  C12H9NS 

1 

A 

100 

No 

Phenothioxin,  C-|_pHgOS 

2 

A 

65 

No 

5 -Methyl phenothiazine ,  C^H^NS 

2 

A 

48.5 

No 

Thioxanthydrol,  C13H100S 

5 

A 

58 

No 

6-Ethylphenothiazine,  C^H^MfS 

5 

A  . 

53 

No 

Phenothiazine-6-carboxylic-acid 

amvlpmif'p  H- ^Th^^T^O^! 
1     8  0 

10 

I 

94 

Yes 

Phenothiazine-6-carboxylic-acid 
amide,  C-^H-jqN-OS 

40 

:  A 

55 

No 

Thianthrene,  C-^pHgS0 

80 

A 

49 

Yes 

. j— Benzopheno thiazine ,  C^  -K-j^NS 

100 

A 

100 

Yes 

Phenothiazone,  C^j-jH^NQS 

100 

A 

100 

Yes 

5 -Ac etylpheno thiazine,  C-^H-,  ,KOS 

100 

I 

94 

Yes 

Thioxanthene,  C-^^H-^qS 

100 

A 

64 

Yes 

Phenothiazine-6-carboxylic-acid  0- 
chl 0  r ophenyl  ami  de ,  C1 gE,  gCINgOS 

100 

I 

50 

Yes 

Y»)A  -Dibenzophenothioxin,  CooH-^OS 

100 

A 

35 

Yes 

6-Chloro-l,4,2-"benzothiazine-3(4)- 
one,  CgHgCIHOS 

100 

A 

29 

Yes 

D 10  en  z  0 - [  / ;  ] - 0 - di  thii n ,      2H8  S? 

100 

A 

20 

No 

1/ 

A,  addition  of  acetone  solution  to  1 

water;  I, 

suspension  in  water;  W, 

solut: 

in  water. 
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Solid 

Name  of  compound  •  Concen-      Mode  of    Mortality  particles 

tration      appli-      after  15  visible 

cation      hours  in  water 
P. p.m.  Percent 

Heterocylic  Compounds  with  Sulphur  in  6-Membered  Ring,  cont. 

Bis(9-thioxanthyl)  ether,  C26H180S2        100              I                  8  Yes 

Phenothiazine-6-carboxylic-acid                100              I                  0  Yes 
phenyl amide,  C^gH^NoOS 

Phenothiazine-6-carboxylic-acid               100              I                 0  Yes 
chloride,  C13H8C1N0S 

Thioxanthone,  C^gHgOS                               100              I                 0  Yes 

Phenothiazine-S-oxide,  G-gHgHTOS                100              A                 0  Yes 

Dithiocyanophenothiazine,  C14K7N-S3         100              I                 0  Yes 

3-Nitrophenothioxin,  C12H?N03S                 100         ^   A                 0  Yes 

3-Methyl-6-nitrophenothioxin,  C:  gHgNOgS  100              I                  0  Yes 

Phenothioxin-S-oxide,  C12Hg02S                  100              A                 0  Yes 

Methylene  blue                                           100              W                 0  No 

Thionin,  G^I^NgS                                      100              W          -        0  No 
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Name  of  compound                            Concen-  Mode  of    Mortality  particles 

tration  appli-      after  16  visible 

 cation      hours  in  water 

p. p.m.  Percent 
Heterocyclic  Compounds  with  Sulphur  in  5-I'em'be'red  Ring 

Dibenzothiophene,  C12K8S                          3.3  A              60  ¥0 

1-Phenylbenzothiazole,  C13H9NS                  10  A            100  Yes 

l-(pyromucylmercapto) -benzothiazole         20  A              44  Yes 
G12H7N02S2 

4-Methyl-2(l)-thionaphthenone,                  40  A              68  ¥0 

CgHgOS 

l-(Anilinomethylmercapto)-benzothiazole  40  A              88  No 

f*       TJ       7T  C 

"14il121'2i32 

l-(  o-Tol'oinomethylmercapto  )-benzothiazole 

C15H14N2S2                                              40  A              80  No 

1- (p-Toluinomethylmercapto) -benzothiazole 

C15H14N2S2                                              40  A              50  N() 


Thiophene,  C4H4S  40  j 


0  ¥.0 


1-Hydroxybenzothiazole,  CpHgNOS  100  A  100  No 

1-  Mercapto-4-methylbenzothiazole, 

C8H71*S2  100  A  100  ¥.0 

2-  Dimethylamino-4-raethylthiazole, 

C6H10N2S  100  A  90  1(10 

l-(Benzoylmercapto) -benzothiazole, 

C14H9K0S2  100  A  20  Yes 

1-Anilinobenzothiazole,   C13H10HoS  100  A  8  Yes 

3-  Phenyl-2-phenylimino-4-thiazolidone, 

C15H12NP0S  100  A  0  ¥.0 

4-  Methyl-2-keto-pyranothionaphthene , 

C12H8°2S  100  1  0  Yes 

l-Benzal-4-methyl-2(l)-thionaphthe- 

none,   C15H120S  100  A  0  Yes 
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Solid 

Name  of  compound  Concen-    Mode  of    Mortality  particles 

tration    appli-      after  16       visible  in 

cation      hours  water 
P. p.m.  Fercent 

Heterocyclic  Compounds  with  Sulphur  in  5-IvIembered  Ring,  cont. 

l-Sural-4-methyl-2(l)-thionaphthe-  100  A  0  Yes 

none,  C]_4K1102S 

5-Diraethylamino-l-mercaptobenzo-  100  I  0  Yes 

thiazole,  CgE^o^oSg 

Bis(l-benzothiazolyl)  disulphide  100  I  0  Yes 

C14H8H2S4 

spiro  /Naphthalene-1(2) ,2'-naphtho-         100  A  0  Yes 

[l,2]-thioxoi\  -2-one, 

C20H12°2S  ' 

Bis(l-benzothiazolyl)-phthalyl  100  I  0  Yes 

bisulphide,  CggKj^g^^ 


Hame  of  compound 


Concen-      Mode  of  Mortality 
tration      appli-      after  15 
cation  hours 


Solid 
particles 
visible 
in  water 


F.p.m.  Percent 
Heterocyclic  Compounds  with  Sulphur  Outside  the  Ring 


c/-Phenyl-,'7-2-pyridyl  thiourea,  10 
Cl^ll^S 

2-ThiocQumarin,  O3H5OS  20 

sym-Di-2-pyridyl thiourea,  C11H1(^T4S  20 

(^-Phenyl—:.-  -3-pyridyl thiourea,  80 
C12H11I>T3S 

1-Benzoxazoleraercaptan,  Ci^HgNOS  100 

1-  Benzoxazolemercaptan  acetate,  100 
CgH7N02S 

£-Thioxanthone,   C13H80S  100 

Ficotine  salt  of  ammonium  lauroyl  100 
diethyl one  glycol  sulphate 

2-  Mercapto-l-phenylbonzimidazole ,  100 
C13H121>T2S 

N-&thyl-2(l)-thiopyridone,  C6H7HS  100 

2-Thiobarbituric  acid,  C^KgOgS  100 

N-fural-S-(o-nitrophenyl) -sulphur-  100 
amine,  C11H3H2O3S 


88 

98 
40 
96 

95 

49 

30 
24 

20 

0 
0 

0 


Yes 

No 
Yes' 

Ho,,. 

Ho 
Yes 

Yes' 
Ho 

Yes 

Ho 
Ho 
Yes 


syra-Di-3-pyridyl  thiourea,  C-nH 


u11a1QK4S 


100 
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Naine  of  compound 


Solid 

Concon-      Mode  of    Mortality  particles 
tration      appli-      after  16  visible 
  cation     hours  in  v/ater 


P.p.m.  Percent 
Heterocyclic  Compounds  with  5-Membered  Ring,  Not  Containing  Sulphur 


~Dibenz  of uran ,  C12H3O  5 
p-Chloro-  cf  -furalacetophenone ,  C^HgClOg5 

cf-Fural-p-methylacetophenone ,  C^H^Og  5 
1,2,3,4-Tetrahydrocarbazole,  C12R13N  5 
2-Chlorodibenzofuran,  C12H7CIO 

2-  Aroinodibenzofuran,  C^HgNO 
1-Phenylbenzoxazole ,  Ci[_3HgN0 

3-  Chlorocarbazole ,  C12H3CIN 


7- Ace  tyl- 1,2,3, 4- 1  et  rahydrodibenz  0- 
furan,  C^H^iOg 


3-Acetyldibenzofuran,  ^^10^2  30 

p-Tolyl  ester  of  pyromucic  acid,  40 
C12H10°3 

7- Ami no- 1, 2, 3 , 4-tetrahydrodibenzo-  40 
furan,  C^IS^0 

9-Acetylcarbazole ,   C}_4H]_]_N0  40 

Pyromucamide ,    C5H5NO2  80 

1-  ( N-P  henylace  tamido ) -benz  oxaz  ole  100 
°15H12N2°2 

1,2,3 ;4-Tetrahydro-7-nitrodibenzofuran, 100 
C12HnU03 

2-  Nitrodibenzofuran,  C12H7NO3  100 
Phthalimide,  C8H5NC2  100 


80 
71 
69 
61 

50 
48 
88 
52 
96 

58 
76 

60 

50 
92 
94 

20 

0 

0 


No 

No 

No 

Yes 

No 

No 

No 

Yes 

No 

Yes 

No 

Yes 

Yes 

No 
No 

Yes 

Yes 

No 
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Solid 

Name  of  compound  Concen-    Mode  of    Mortality  particles 

tration    applica-  after  16  visible 

 tion  hours  in  water 

P. p.m.  Percent 
Heterocyclic  Compounds  with  5-Membered  Ring,  Hot  Containing  Sulphur,  cont 

H,NVa^3-pyridyl-^^,-diaiiino-$-  100  A  0  No 

methylfuran,  Ci^Hiip^O 

3-Me thy 1-1- phenyl- 5- pyrazol one ,  100  A  0  No 

C10H10N2° 

&</-Dinaphthofuran,  C20Hl20  100  A  0  Yes 

3-Chloro-7-nitrodi"benzofuran,  100  I  0  No 

C12H6C1N03 

3-Nitrocarbazole,  CigHsNgOg  100  A  0  Yes 

9-Benzoyl-^-nitrocarbazole,  100  A  0  Yes 
C19H12N2°2 

S-Benzoylcarbazole,  C19H13N0  100  A  0  Yes 

Difuralcyclopentanone  100  I  0  Yes 

1-Anilinobenzoxazole,  C13H10iy)  100  A  0  Yes 
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Solid 

Name  of  compound  Concen-       Mode  of    Mortality  particles 

tration       appli-      after  16  visible 
  cation      hours  in  water 


P. p.m.  Percent 
Heterocyclic  Compounds  with  5-Membered  Ring,  Not  Containing  Sulphur 

5,5-Dimethylacridan,  C15H15N  .      3.3  A  64  No 

Xanthene,  C13H100  5  A  60  No 

3,4-3enzocinnoline,  C^gHgNg  10  A  86  No 

Xanthone,  C13Hg02  10  A  64  No 

Xanthydrol,  C13H1002  10  I  52  No 

2/ 

Acridine,  C13HgN  20  A  94  No 

3,4-Benzocinnoline  oxide,  C-,  2H8F2°  20  A  90  *To 

10-Methyl-5(10)-acridone,  C14Hi:LN0  40  A  85  Yes 


Di-2-pyridylamine,  C10HgIT3  40  w  80 

Coumarin,  CgKgO^  40  A  50 


No 
No 


Diphenyl-^-pyridylamine,  C17H14K.j  100  A  80  Yes 

N,N'-D.i-2-pyridyl-^fV-diaminotoluene,     100  A  58  No 

C17H16!T4 

l-Nitro-5(l0)-acridone,  C13H8N03  100  I  0  Yes 

5-Ethyl-5-isoamylbarbituric  acid,  100  I  0  No 

CllH18iJ2°3 

Sodium  salt  of  5-ethyl-5-phenylbar-       100  I  0  No 

bituric  acid,  C-^E-QNgNaOg 

c()<-Diphenyl-/#-2-pyridyl_uanidine,  100  A  0  Yes 

C18H16% 

3is(S-xanthyl)  ether,  C2gE1803  100  I  0  Yes 

/_  •»  -3ixanthene,  CggH-j^Og  100  I  0  Yes 

Cyanuric  acid,   Cr,H~N,;,0„  100  I  0 

0000 

*/« 

Some  recovery. 


No 
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Solid 

Name  of  compound  Concen-       Mode  of    Mortality  particles 

tration       applies^  after  16  visible 
tion         hours  in  water 


Amines,  Imines,  Amides, 

P.p»m. 

and  Imides, 

Percent 
Containing  Sulphur 

Thiobenzanilide,  C-jgH-^NS 

20 

A 

75 

No 

S-  ( o-Ni  trophenyl )  -sulphuraraine , 

40 

A 

87 

■  *  He 

Thioacetanilide,  CgHg!TS 

80 

A 

^  / 

^88  . 

No 

sym—Di  outyl  tniourea,  ^]_3^1 4^4"^ 

oU 

A 

£'82 

KU 

Thiocarbanilide,  C^H^L^S 

80 

A 

2/ 

No 

-Diphenylthiocarbohydrazide , 
°13H14iq4S 

80 

A 

70 

Yes 

( 2- Amino-4— chlorophenyimercapto) 
a.cetic  acid,  CgHgCHTOoS 

100 

A 

91 

Yes 

4 — Chi  o  r  o — 2— n  i  t  roph.eE  yl  sul phur  ami  no 
C5H5C11T202S 

100 

A 

90 

JMO 

> 

d  (.(-Dimethyl  thiopropionamidc, 

IOC 

A 

26 

I© 

Allyl thiourea,  C^HgNgS 

100 

W 

0 

No 

Thi oprop i  onami  dc ,  C^H 7NS 

100 

A 

0 

No 

Thio-<-(-toluamide,  CgHgFS 

100 

A 

0 

No 

syra-DiDe:i7.yl thiourea,   Ct  -E,  -N~S 

100 

A 

0 

No 

asym-Dibenzyl thi ourea,  C^K-^-pS 

100 

0 

Yes 

Bis(bonzamido)  sulphide,  C^E-^r^O^S 

100 

A 

0 

No 

o -Ni t  rophenyl -p-t  oluino  sul phi  do , 
C13H12N2°2S 

100 

A 

0 

Yes 

N-benzal-S-  ( o-nit  rophenyl  )-sulphur- 

100 

I 

0 

Yes 

E°lne'  °13H10i!S°2S 
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Solid 

Name  of  compound  Concert-       Mode  of    Mortality  particles 

tration       appli-      after  16  visible 

 ,  cation      hours   in  water 

P. p.m.  ppre on t 

Amines,  Imines,  Amides,  and  Imides,  Containing  Sulphur,  Cont. 


4,4,-3i-(o-thioanisidine),  C]4H15NpS2  100  A 


0  Yes 


sym-Di-l-naphthyl thiourea,  C«,jLJfJ5    100  I  0  Yes 

idl  1  o  a 

sym-Bis(5,6,7,9-tetrahydro-l-  100  I  0  Yes 

naphthyl) -thiourea,  C^E^l^S 


-15- 


Solid 

Name  of  compound  Concen-         Mode  of    Mortality  particles 

tration         appli-      after  16  visible 
  cation     hours   in  water 


N-acetyl-p-toluidine ,  CgR^NO  40  A  2/62 


C13H10C1N02 


^  c^T^Triphenylguanidine,  CigH1?N3    40  A  2/52 


P. p.m.  .  Percent 
Amines,  Imines,  Amides,  and  Imides,  Not  Containing  Sulphur 

4-Chloro~2-nitrodiphenylamine,           2.5  A  53  No 
C12H9C1N202 

1-  Nitro-2-napiithylamine,  C^QHgN^Og       5  A  60  No 
N-Phenyl-l-naphthylamine ,                       5  A  58  Yes 
N-o-Tolylanthranilic  acid,  C14H13N02  10  A  70  Yes 
2,5-Dichloroaniline,  C6H5C12N              10  A  54  No 

2-  Chloro-4-nitroaniline,  C6H5C1N02      20  A  2/98  No 

p-Phenylaniline,  C^^N                       20  A  89  No 

2-Amino-4-chlorodiphenylamine,             20  A  86  Yes 
C12H1]_C1N2 

N-p-Tolylanthranilic  acid,  C    H    NO    20  A  50  Yes 

14  13  2 

2,4, 6-Tribromoaniline,  C  PI  Br  N           20  A  46  Yes 
6  4  3 

p-Nitrosodiphenylamine ,  6-l2H]_oN20       40  A  96  No 

2-Nitro-p-toluidine,  C7H8N202              40  A  84  No 

N-m~Tolylanthranilic  acid,  C1^E1^°2  40  ^  69  Y6S 


No 


N-(m-Chlorophenyl)-cnthranilic  acid,  40  A  54  Yes 


No 


2~Naphthylamine ,  C10HgN  40  A  50  Yes 

^ Some  recovery. 
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Solid 

Name  of  compound  Concen-         Mode  of    Mortality  particles 

tration         appli-      after  16  visible 

 ca,tion     hours  in  water 

P.p.m  Percent 
Amines,  Imines,  Amides,  and  Imides,  Not  Containing  Sulphur,  cont. 


<(}  KDiphonylguanidino ,  C^H^N  40  A        2/  49 


p-Nitroanilino ,  CgHgNgOg  100 


Ho 


N-(o-Chlorophenvl)-anthranilic  acid,         40  A  40  Yes 


N-Benzalaniline,  C    H    N  100  A  100  Ho 

13  11 

p-lodoacetanilide,  C  H  INC  100  A  100  No 

8  8 

1-Naphthylamine ,  C1C)HgN  100  A  98  No 

p-Nitrosodimethylaniline ,  C.IL^N  0  100  I  98  Yes 

8  10  2 

o-Nitroanilinc,  C_-H_.No0o  100  A  98  No 

b  b  d  d 

N-Formyldiphonylamine,  C    H...N0  100  A  85  No 

JL3  11 

q'-Cyanoguanidine ,  C^N^  100  W        2./  70  No 


A  54  No 


N-Chloroacetyl-diphenylamine,  100  I  43  No 
C14Hi2ClN0 

^-Chloroacetanilide,  CoHoClN0  100  A  40  No 
o  o 

N-Cyclohesylacotamide,  CqE15N0  100  A  39  Yes 

N-CyclohoxylDonz amide,  C13H1?N0  100            '     A  27  Yes 

Benzanilide,  C^H^NO  10P.           .     A  0  Yes 

Benzamide,  C7H?N0  100  A  0  No 

Benzidine,  C_2H_2N2  100  A  0  No 

p-Fluoroacetanilide ,  CgHgFNO  100  A  0  No 

Atoxyl,  CgHrAsNNaOg  100             .    W  0     .  No 

_((KDi-o-tolylguanidino ,  C15H17N3  100  A  0  No 
2 1  Some  recovery. 
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Concen- 

Name  of  compound                      t ration 

Mode  of 
appli- 
cation 

Mortality 
after  16 
hours 

Solid 
particles 
visible 
in  v/ater 

.Aminos,  Iraines,  Amides,  > 

P. p.m.  Percent 
and  Imides,  Not  Containing  Sulphur,  Cont. 

p-Aminoacetanilido,  CoILAN„0 
o  1U  d 

100 

I 

o 

No 

Triphenylamiiie ,  C  N 
18  15 

100 

I 

0 

Yes 

N-acetyldiphenylamine ,  C^H^gNO 

100 

I 

0 

No 

2,2' -Dinitrodiphenylamine ,  C12HgN304 

100 

A 

0 

Yes 

N- ( o-Nitrophenyl) -anthranilic  acid, 
°13tL10w2(J4 

100 

A 

0 

Yes 

Aniline  salt  of  2,4— dinitrodiphenyl— 

amine-6~carboxylic  acid,  C__K.,  JTO,. 

19  16  4  6 

100 

A 

0 

No 

Acetone  semicarbazone ,  C^H^N^O 

100 

I 

0 

Yes 

Benzaldehyde  semicarbazone,  CoHoN^O 

o  y  o 

100 

I 

0 

Yes 

Anthranilic  acid,  C^HyNOg 

100 

A 

0 

Yes 

Acetoacetanilide ,  C^IL-MO 
10  11  2 

100 

A 

0 

No 

p-Bromoaniline ,  CgHgBrN 

100 

A 

0 

No 

Acetylurea,  CgHgNgOg 

100 

A 

0 

No 

m-Nitroanilino,  CgHgNgOg 

.  100 

A 

0 

No  . 

n-Butyl  ester  of  allophanic  acid, 
C6H12H203 

100 

A 

0 

No 

N.N-^Diphenylethylcnediamine ,  0.  „H_  _N_ 

14  lb  2 

100 

A 

0 

Yes 

N.N'-Diphenyl-p-phenylenediaraine , 

100 

A 

0 

Yes 

C18H16H2 
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Name  of  compound 


Concen-     Mode  of  Mortality 
tration     appli-       after  16 
cation  hours 


P. p.m. 

Azo,  Hydrazo,  and  Related  Compounds 

4- (p-Bromophenylazo ) -re sorcinol,  1.42  A 

C12H9BrH202 

4- (p-Bromophenylazo) -o-cresol,  1.42  A 
C13H11M2° 

p- (p-Bromophenylazo) -phenol,  1.66  A 

4-(2,5-Dichlorophenylazo)-o-cresol,  1.66  A 

4-(p-Bromophenyla.zo)-m-cresol,  1.66  A 
C13H11M2° 

4- (p-Iodophenylazo) -o-cresol,  2.5  A 

4-(2,5-Dichlorophenylazo)-resorcinol,  2.5  A 
C12H8C121J202 

4-(2,5-Dichlorophenylazo)-m-cresol,  2.5  A 
C13H10012H2° 

4-(p-Nitrophenylazo)-resorcinol,  3.3  A 

l~Phenylazo~2-naphthylamine ,  C^^gNg  3.3  A 

4-(2,5-Diclilorophenylazo)-2-cycloh3xyl-  5  A 
phenol,  C18H18C12N20 


Azohenzene,  C 


12H10N2 


p-  ( 2 , 5-Dichlorophenylazo )  -phenol , 
WW  ' 

4-  (p-Bromophenylazo  )-5,  6,  7, 8-tetrahydro- 

1-naphthol,  C    H    BrN  0 
lb  15  2 


Percent 

70.3 
51.7 
88.2 
81 

80.5 
93.2 

49 
48 
50 


46 
2/  68 


68 

66 

55.3 


Solid 
particles 
visible 
in  water 


Yes 

Yes 

No 

No 

Yes 

Yes 

No 

No 

Yos 

Yes 
Yes 

No' 
Yes 

Yes 


2/     Some  recovery. 
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Name  of  compound 


Concen-  Mode  of 
tration  appli- 

 cation 

P. p.m. 


Mortal  it;, 
after  16 
hours 


Percent 


Solid 
particles 
vis i Die 
in  water 


Azo,  Hydrazo,  and  Related  Compounds,  Cont. 

l-(p-Bromophenyl;izo)-2-naphthylamine , 

5  , 

A 

44.3 

Yes 

Hydrazobenzene ,  0.  „IL  JL 

ltd  12  2 

10 

A 

92 

Yes 

1 ,  3-Diphenyltriazene ,  C.  0Hn  n  N_ 
12  11  <3 

10 

A 

70 

Yes 

4,4l-Azobis(o-toluidine) ,  C^H-^gl^ 

10 

A 

2/  64 

Ho 

4-(o-Tolylazo)-o-toluidine,  C_  .H-JJ,, 

14  15  o 

10 

A 

2/  50 

No 

4-Phenylazo-m-cresol,  G-^^^O 

20 

A 

100 

Yes 

p-Phenylazophenol ,  CL  „IL -JJJD 

12  1U  2 

20 

A 

96 

No 

4-Phenylazo-o-creool,  C^g^NgO 

20 

A 

Yes 

p~Phenylazoanili:ie ,  ^^n^g 

20 

A 

90 

Yes 

1- (p-Kitrophenylazo )-2-naphthol , 

C    E  NO 
16  11  33 

40 

A 

90 

Yes 

4- ( 2~Hydroxy~3 , 5-dinitrophenylazo ) - 
6-m-tolylenedianine,  C^R^KgOg 

40 

A 

90 

Yes 

1-  ( 3 , 5-dichlor c-2-hydr oxyphenylazo ) - 
2-naphthol,  C16H10C12N202 

40 

A 

84 

Yes 

1- (o-Tolylazo)~2-naphthylamine , 
C17H15L3 

40 

A 

50 

Yes 

(p-Hydroxyphenylazo)-pyrogallol, 

C  1  no 

12  10  2  4 

100 

A 

100 

No 

p~Phenylazodiphenylamine  ,  C_  QHn  _N_ 

18  15  3 

100 

A 

96 

Yes 

p-Phenylazodimethylaniline,  C    H  N 

14  15  3 

100 

A 

75 

Yes 

l-(o-Anisylazo)-2~naphthol ,  C1?H14N202 

100 

A 

66 

Yes 

2/    Some  recovery. 
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Name  of  compound                   ...  . 

Concen- 
tration 

Mode  of 
appli- 
cation 

Mortality 
after  16 
hours 

Solid 
particles 
visible 
in  water 

P. p.m.  Percent 
Azo,  Kydrazo,  and  Related  Compounds,  Cont. 

4  -  (  2 , 5-D  i  chl  o  r  oph  enyl  a  z  o  )  ~3-  e  t  ho  xy- 
phenol,  C^4%2C^o^2^2 

100 

A 

62  - 

Yes 

p-Iodoazobenzene,  C-j^gl&g 

100 

A 

52 

Yes 

4-(2,5-dichlorophenylazo)-2,5-xylenol, 

C14H12C12N2° 

100 

A 

40 

Yes 

PjD'-Dichloroazoxybenzene,  oH,.C1aFo0 

100 

I 

0 

Yes 

4- (2, 5— Dichlorophenylazo)-gaalacol , 
C,  JL,  nClpNo0? 

lo  iU     Ci  i~,  c, 

100 

A 

0 

Yes 

4-(2, 5-Dichlorophenylazo )-resorcinol 
dimethyl  ether,  oCloHoOo 

Xte   X<3      <o    O  o 

100 

A 

0 

Yes 

4-(2,5-Dichlorophenylazo)-carvacrol, 

Cn  ^Hn  e  Clo^«->0 

lo  ±o     <S  J 

100 

A 

0 

Yes 

1 , 3-Bis(2,5-dichlorophonyl v,-triazenc, 

100 

A 

0 

Yes 

1- ( 2, 5-Dichlorophenylazo ) -2-naphthol , 

It)       lU  «d 

100 

A 

0 

Yes 

4-( 2, 5-Dichlorophenylazo )-l-naphthol, 

C-,  r.Cl«Ko0 
lo  JLu     <o  2 

100 

A 

0 

Yes 

[4-( 2,5-dichlorophenylazo)-l-naphthyl)]- 

methyl  ether,  Cn  7K-,  oCloiTo0 
'      1  r  ltd     <d  ,d 

100 

A 

0 

Yes 

2—  ( 2 1 5— Di  chl  orophcnvl  *>  zo ) —  p— ere  sol , 
C1SH1GCW 

100 

o 

Yes 

6  -  ( 2 , 5-D  i  chl  o  rophenyl  az  o )  -4-chl  o  ro  -lu- 
cre sol,  CigHgCl3N20 

100 

A 

0 

Yes 

2-(2, 5-Dichlorophenylazo) -6-chloro- 
thymol,  C16H15Cl3N20 

100 

A 

0 

Yes 

4-(2, 5-Dichlorophenylazo) -thymol , 
C16H1SCVT2° 

100 

A 

0 

Yes 

4-phenylazoresorcinol ,  O^2%0^2^2 

100 

A 

0 

Yes 
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i\  ane  o  f  •  c  omo  ound 


Concen- 
tration 


Mode  of 
appli- 
cation 


Mortality 
after  15 
hoars 


Azo,  Hy&razo,  and  Related  Compounds,  cont. 

4-(l-Faphthylazr>  )-l-raohthol ,                    100  I 
C20E14¥.20 

l-Phenylazo-2-naphthoi ,  C16H12N2°           100  A 

l-(l-2fephthylazo)-2-naphthol ,  C^H^N^O  100  I 

l-[4-(o-Tolylazo)-2-tolylazo]-2-               xoo  I 
naphthol ,  O^HgQN^ 

l-[p-(Phenylazo)-phenylazo]-2-naphthol,  100  I 
C22H16I'4C 


4,4' 


•Azobis(o-anisidine) ,  O^H^gK^Og 


p-(l-Naphthylazo) -dimethyl  aniline, 
C18H17ivT3 

p-  ( 2-Kaphthylazo )  -dime  thyl  anil  i  ne , 

C    H  K 
18  17  3 

2, 4-Ifts  (phenyl  azo)  -rcsorcinol , 


clPHi' 


i0. 


2,2'  -Azo bi  s  ( thioani  sol  c ) ,  ^4%4^2^2 


100 
100 

100 

100 

100 
100 


2,2'  -Hydr  azob  i  s  ( th  i  oani  sole), 

C    H    H  S 

14 16 "2  2 

4-  (2,  5-Dichlorophenylazo)-2,6-sylonol,  100 
C14H12C12N2° 

l-[4-(m-^ylyl)-azo]-2-naphthol ,  100 

5 -  [ p - ( p -Hyd r 0  xyph  c  nyl )  -pn  c  nyl  a  z  0  ]  - 
salicylic  acid,  C^gBj^BgG^ 

o-(p-Dime thyl amino-phenylazo) -benzoic 
acid,  C15H15F302 


100 


100 


Percent 


Solid 
particles 
visible 
in  water 


Yes 

Yes 
Yes 
Yes 

Yes 

Yes 
Yes 

Yes 


Yes 
Yes 

Yes 


No 


Yes 


UBRARY 
STATE  PLANT  BOARD 


Name  of  compound 


Concen-       Mode  of    Mortality  particles 
tration       appli-      after  16  visible 
cation     hours  in  water 


Phenanthrene,  C^E-^q 
Fluorene,  C^H-^q 
Biphenyl,  C]2H]0 
Ac e naph the  ne ,  C i2%o 
Anthracene,  C14H10 
o-Diphenylbenzene ,  C^gH^ 
m-Diphenylbenzene ,  C-^gH^ 
Retene,  C]_gH]_g 

1,3,  5-Triphenylbenzene ,  C24HI8 
p-Diphenyl"benzene ,  C]_gHi4 


P.  p.  m. 

Hydrocarbons 

5 
10 
10 
20 
100 
100 
100 
100 
100 
100 


Percent 

47 
2/  58 
54 
94 
100 
95 
37 
10 

0 

0 


No 


Yes 
Yes 
Yes 
Yes 
Yes 


— '    Sow  recovery. 


-23- 


Solid 


Name  of  compound 

Concen- 
tration 

Mode  of 
appli- 
cation 

Mortality 
after  16 
hours 

partic 
visibl 
in  v;at 

p. p.m. 

Phenols  and  Phenol 

Ethers 

Percent 

2 , 4, 5-Trichloro-6-nitrophenol , 
C6H2CV°3 

5 

A  :'' 

100 

No 

2,3,4, 6-Te traehlor ophenol ,  CgEgOl^ 0 

5 

A 

51 

No 

2~Cy  clohexyl-*4 ,  6— dinitrophenol , 
C12H14N2°5 

c 
D 

A 

50  '  • 

No 

2~Bromo-4~phenylphenol,  C-^EgBrO 

10 

A 

A 

i\!U  . 

2-Chloro-4~phonylphenol ,  C^HgClO 

10 

A 

91 

No 

2,4, 6-Trichlorophonol,  CgHgClgO 

10 

A 

77 

No 

Diamylhydroquinone ,  C,  „H  ^0 
lb  26  2 

10 

2/  58 

No 

p-Ph  c nylpheno  1 ,  C-|_  gE-^O 

10 

A 

56 

No , 

2,4,  6-Triiodophenol ,  CgHglyO'  ' 

10 

A 

A 

AA 

x  es 

Pontachlorophenol,  CgEOClg 

20 

100 

No 

o-Phe  nylphe  no  1 ,  gE^O 

20 

A 

A 

OO 

.NO 

o-Cyclohexylphenol ,  C12E160 

20 

A 

A 

RP 

3,5~Dinitro-o~crcsol,  C^EgNgOg 

20 

A  • 

59 

No 

Salol,  C13H1003 

20 

A 

■  46 

Yes 

So  dium-2 ,3,4, 5~to trachlorophenoxide , 
06HCl4NaO 

20 

I 

42 

No 

p-Bromophenol,  C-E,-Br0 
o  5 

40 

A 

92 

No 

p-Hydroxybenzophonone ,  Ci_z&iq®2 

40 

A 

71 

'  No 

2 , 4-Dini trophonol ,  CgE4N205 

40 

A 

71 

No  ' 

p  ,p  '-Dimethoxydiphcnylamine ,  C14E15N0. 

>  .  40 

A 

63 

Yesj 

p~Cyclohexylphenol,  C-^E-^gO 

|  40 

.A 

;  50. 

'  Yes 

p-Aminophenol,  CrE„N0 

D  ( 

40 

A 

2/  39 

No 

Some  recovery. 
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Name  of  compound  Concen- 
tration 

Iviode  of 
appli- 
cation 

Mortality 
after  16 
hours 

Solid 
particli 
visible 
in  v/ato 

P.p 

Phenols  and  Phenol 

.m. 

Etho 

rs,  Cont. 

Percent 

Sod  ium-  2-  chlo  r  o-  6-phe  nylphe  no  xi  de , 
C12H8ClNaO 

40 

100 

No 

5,6,7,  8-To  t rahydro -1-naphthol ,  C^qH^O 

40 

A 

98 

No 

1-Naphthol,  C10H80 

40 

A 

96 

Ho 

2 , 4-Dinit  ro- 6~phenylpho no  1 ,  Cl2HgN,g05 

100 

A 

100 

No 

Sodium-o-phcnylphcnoxide ,  C^gHgNaO 

100 

W 

100 

...  NO  ! 

2-Mothyl~4, 6-dinitroanisolc ,  CgHgNgO^ 

100 

A 

100 

No 

3,4-Xylonol,  C&H1Q0 

100 

A 

75 

No  . 

2,6-Xylenol,  OgE^O 

100 

A 

62 

No 

1,1' -Bi-2— naph tnol ,  ^24  14  2 

xUU 

A 

50 

Yes 

x— luvro so-*<;— napii uno x ,   ^q-"-^  2 

100 

I 

40 

No 

ti— ."NTn  f  •p^onnlioriAl        P    U  "MP 
P~1N  X  bi  U  bUpiloilUX  ,  ^gii^lilUg 

100 

w 

0 

No 

Sodium  salt  of  2 , 4— dihydro xy— 5— hoxyl— 
bonzenesulphonic  acid,  C-^^^aO 5S 

xuu 

n 

0 

No 

4-    fi— "Hi  n  i    tt>  ^("it*.""  cnrfi  nnl      P.  TT  IvT  C) 

—  ,           i/XUX  U  i  U  tJVJl  O  OUi  ^1  il\J  JL  ,           g     4     2  4 

100 

I'  ' 

0 

Yes 

*±  ,  *i  —  i3x— 0— anisxcLxne  ,  ^14"16  2  2 

i  nn 

XvJU 

A 

0 

No 

N— acetyl— p— plieno tidino  ,  C^QH^gHOjg 

100 

0 

No 

2 1 -Hydroxy- 2 , 4-dinitrodiphenylaminc- 
6~carboxylic  acid,  C^HgNgCj, 

100 

A 

.0 

-  No 

Catechol,  C^H.0„ 
0  o  2 

100 

A 

0 

No 

o-Aminophenol,  CgH^NO 

100 

A 

0 

No 

m-Am  i  nop  he  no  1 ,  C  gH  7NO 

100 

A 

0 

No 

p-I sopropoxydiphenylaraine ,  C15H17N0 

100 

A 

0 

Yes 
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Solid 


Name  of  compound 

Concen- 
tration 

Mode  of 
appli- 
cat ion 

Mortality 
after  16 
hour  s 

particle: 
visible 
in  water 



Nitro  and 

P. p.m. 

Nitro so  Compounds 

Percent 

p-Binitrobenzene ,  CILN^O. 

o  4  2  4 

5 

A 

51 

No 

p-Bromonitrobenzene ,  CgH4BrN02 

5 

A 

48 

Yes 

Nitrosobenzene ,  CgEgNO 

10 

A 

90 

No 

m-Binitrobenzene,  CgH4N204 

10 

A 

87 

No 

m-lodonitrobenzene ,  CgH4IN02 

20 

A 
A 

96 

No 

o-Iodonitrobensene,  CgH4IN02 

A 

A 

98 

No 

p-Nitrophenylacetonitrile,  CgHgN202 

40 

A 

98 

No 

m-Bromo nitrobenzene,  CgH4BrN02  - 

40 

A 

96 

No 

p-Chloronitrobenzene ,  CgK4ClN02 

40 

A 

73 

No 

Binitronaphthalene ,  ^2.0^6^2^4 

40 

A  ; 

71 

Yes 

o-Bromonitrobenzene,  C~H„BrFCU 
b  4  2 

40 

A 

A 

64 

No 

o-Binitrobenzene,  CJI  N„G 
5  4  2  4 

A 

54 

No 

o-Chloronitrobenzene,  CgH4ClN02 

100 

A 

100 

No 

m-Chloronitrobensene ,  CgH4ClN02 

100 

A 

100 

No 

p-Fluoronitrobonzene,  CgH4PN02 

100 

A 

88 

No 

p-Nitrobiphenyl,  C12%N02 

100 

A 

47 

Yes 

2,2' -Binitrobiphenyl ,  Ci2HgN204 

100 

A 

40 

Yes 

p-Io  do  nitrobenzene,  CgH4IN02 

100 

A 

0 

Yes 

2/ 

— '     Some  recovery. 
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Solid 

Name  of  compound  Concen-      Mode  of    Mortality  particles 

tration      appli-      After  16  visible 

 cation      hours  in  water 

P. p.m.  Percent 
Aldehydes,  Ketones,  Thioaldehydes,  and  Thioke tones 


2-Me  thylanthraquinone ,  C15H1002 

5 

A 

81 

No 

<^-Bromo-p-phonylacetophenone ,  C^4K^3rO 

5 

A 

2/  65 

Yes 

A 

A 

(U 

ivlO 

<4  Mxi,yLu.  uxj^jj   rJ lit? j ly Xcriut;  u up nt; xi u lit?   I  uinicioe  , 
C15H12°3  ' 

A 

A 

OO 

Ho 

cf-Hydr  ozy-p-p  henylace  t  op  he  no  ne 
chloroacetate,  C^gHj^ClOg 

20 

A 

50 

No 

cf-Hydroxy-p-phenylacetophenone 

acetate,  C,  „IL  0 
16  14  3 

20 

A 

48 

Yes 

Desoxybenzoin,  C^^H-^^0 

100 

A 

100 

Yes 

Bonzil,  C14H1002 

100 

A 

61 

Yes 

^-Hydroxy-p-phenylacotophenor.e  chry- 
santhemum mono  carboxylase,  Og^HggOg 

100 

A 

48 

Yes 

2,4,  6~Trinitrobonzaldehyde,  C^HgHgO^ 

100 

! 

40 

No 

K-Thiobenzaldehyde ,  Cr^HgS 

100 

1 

'  0 

Yes 

*•      1U  JiU         Hub Ol UW* Ijr  *-Lv^  j       W/^ilg  O 

i  on 

n 
u 

les 

Trithioformaldehyde,  C3HgS3 

100 

I 

0 

No 

2-Chloroanthraq.uinone,  C14Hr,Cl02 

100 

I 

0 

Yes 

Anthraquinone ,  C14Hg02 

100 

I 

0 

Yes 

<X~  Chloro-p-phonylace  tophenone , 
°14H11C1° 

100 

A 

0 

Yes 

^T^-Dichloro-p-phenylacotophenone, 
C14H10C12° 

100 

A 

0 

Yes 

Tri-(thiovaniliin) ,  C24H2406S3 

100 

A 

0 

Yes 

Tri-(thiovanillin  benzoate),  C^HggOgSg 

100 

A 

0 

Yes 

Some  recovery. 
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Hame  of  compound 


Concon-     Mode  of  Mortality 
tration      appli-      after  16 
 cation  hours 


Solid 
particles 
visible 
in  water 


P.p .m.  Percent 
Aryl,  Alkyl,  andAralkyl  Hal ides 


p-Bromobiphenyl,  C    H  3r 
12  9 

p-Chlorobiphenyl ,  C^^Hg  Cl 

4, 4,-Difluorobiphenyl,  GnoH0F0 
lo  o  2 

p-I  odobiphenyl ,  C    H  I 
ic  y 

p-Bromoido "benzene ,  CLILBrl 
(  6  4 

p-Dibromobcnzenc,  CsH4Br2 

2-Fluoronaphthalcnc,  C^qH^F 

p-Chloroiodobenzene,  CgH4CH 

p-Dichlorobonzcnc,  CgH4Cl2 

Hexachlorobenzene,  CgClg 

p-Diiodobenzene,  CgK^I^ 

Eexachloroethane ,  CgClg 

p-Fluo rob iphenyl ,  C]_2%F 

4, 4'-Dichlorobiphenyl,  C^HgClg 

1,  2,3,4,-Tetrachloronaphthalene 
C10H4C14 

4,4'-Di-iodo"biphenyl,  C12HqI2 
4,4'-Dibromobiphenyl,  Cl2HgBr2 


3.3 

5 
5 
10 
20 
20 
20 
40 
40 
40 
■  40 
80 
100 
100 
100 

100 
100 


51 

84 
50 
66 
90 
52 
49 
98 
95 
60 
58 
87 
94 
65 
0 

0 
0 


Ho 

Ho 

Yes 

Yes 

Ho 

Ho 

Ho 

Yes 

Ho 

Ho 

Yes 

Yes 

Ho 

Yes 

Yes 

Yes 
Yes 
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Name  of  compound 

Goncen'- 
tration 

Mode  of 
appli- 
cation 

Mortality 
after  16 
hours 

Solid 
particles 
visible 
in  water 

P. p.m. 

Sulphides,  Disulphides,  and  Mercaptan; 

Percent 

s 

Phenyl  mercaptan,  CgHgS 

2 

I 

65.6 

Oily  ... 

p~Tolyl  mercaptan,  Cr,HgS 

2 

I 

52 

Oily 

m-Tolyl  mercaptan,  C„H_S 
7  8 

2.5 

I 

49 

Oily 

Triphenyl  ester  of  trithioarsenicus 
acld'  C13K15ASS3 

3.3 

A 

85 

No 

Tri-p-tolyl  ester  of  trithioar senious 
acid,  C    H  AsS 
21  21  3 

10 

A 

S5 

Yes  - 

o-Tolyl  mercaptan,  C_HQS 
7  o 

10 

I 

58 

Oily 

Bis(diethylthionophosphono) 
disulphide,  C8H2004P2S4 

10 

A 

25 

Yes 

Sodium  salt  of  benzyl thioxanthic 

acid,  CLHJJaS- 
o    1  o 

20 

A 

66 

No 

Methyl— o— nitrophenyl  sulphide,  C^H^NOpS 

A 

A 

46 

No 

1-  ( l-Mercapto-2-naphthoxy)-2-na.phthol , 
20  14  2 

100 

A 

90 

Yes 

4-Chloro-2-nitrophenyl  sulphur 

"bromide,  C  H  BrCINO  S 
6  3  2 

100 

A 

60 

Yes 

Diphenylmethylene-"bis(mercaptoacetic 

acia)  ,  o    n    u  £> 
17  16  4  2 

100 

A  : 

10 

No 

S,  S'-Dithio[l,l'-dithiobis(2- 
naphthol)],  C2QH1402S4 

100 

A 

0 

Yes 

Methylphenylme thylene-bi  p (nercap to- 
acetic  acid),  C    H  .0  S- 
12  14  **  2 

100 

A 

0 

Yes 

Bis (p-nitrophenyl)  sulphide, 

C,  Hi  O  S 
12  8  2  4 

100 

I 

0 

Yes 

X-  ( o-ITi  t  rophe  nylmer  cap  t  o )  -  2-naphtho  1 

100 

A 

0 

Yes 

°l^llN03S 
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Name  of  corn-pound 


Solid 

Concen-     Mode  of    Mortality  particles 
tration      appli-      after  16  visible 
catiom     hoars  in  water 


P.p.m, 


Percent 


Sulphides,  Disulphides,  and  Mer  cap  tans,  Cont, 


2,  4-Dihydroxy~2,-nitrodiphenyl 
sulphide,  CloHgIT04S 


100 


Yes 


Acetonyl-o-nitrophenyl  sulphide,  100 

C9H9N033 

(4-Chloro-2-nitrophenylmercapto)-  100 

acetic  acid,  C„H„C1N0  S 
8  6  4 

<j(~  ( 4-Chloro-2-nitrophenylmercapto)  -  100 

acetophenone,  C  H  C1N0  S 
9  8  3 

Ethyl  ester  of  qf-(4-Chloro-2-nitro-  100 
phenylmercapto)-acetoacetic  acid, 

Cl2Hl2°li,05S 


No 


No 


Yes 


Yes 


Bis( oenzylmerceptothionoformyl) 

di sulphide,  C  _H_ „S_ 
16  14  6 


100 


Yes 


Be  nzy lmer  capt  omanno  se 


100 


Ho 
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Name  of  compound 

Concen- 
tration 

Mode  of 
appl i - 
cation 

Mortality 
after  16 
hours 

particl 
visible 
in  wate 

Acids,  Alcohols 

P. p.m. 

and  Esters 

Percent 

Phenyl  ester  of  benzoic  acid,  C^gH-^QOg 

10 

A 

50 

Yes 

4, S-Dinitro-o-cresol  acetate,  CgHgNoOg 

100 

A 

±UU 

b.O 

p-Iodobenzoic  acid,  C7H5IO2 

100 

I 

90 

Yes 

Ammonium  lauroyl  di ethylene  glycol 
suipnate,  OigllgKMtwS 

100 

W 

21 

No 

p—Pluorobenzoic  acid,  C^H^FOg 

100 

l  n 

1U 

2-Chloro-3, 5-dinitrobenzoic  acid, 

W13ff2°6 

100 

u 

Borneol,  C]_o%8° 

100 

A 

0 

No  . 

Octa-acetyl  sucrose,  C28"38^9 

100 

A 

0 

No 

Hydrocinnamic  acid,  CgH^QO^ 

100 

A 

0 

No 

Dye stuffs 

Aurin, 

100 

I 

25 

Yes 

Indigo  carmine 

100 

1 

0 

No 

Sulphogene  golden  brown  G,  Schultz  #1058  100 

0 

Yes 

Sulphogene  carbon  2-brom,  Schultz  #1073 

100 

0 

Yes 

Sulphogene  yellow  D,  Schultz  #1054 

100 

1 

0 

var- 
ies 

Sulphur  brown  H,  extra 

100 

1 

0 

I  es 

4,4' ,4' '-Triaminotrinhenylcarbinol , 
°19H19!!3° 

100 

1 

0 

No 

Orcein,  C23H24N2O7 

100 

0 

No 

Spirit  blue,  C.I.  #689 

100 

0 

Yes 

Alkali  blue  6B,  CI.  #703 

100 

0 

Yes 

Induline  spirit-soluble,  CI.  #850 

100 

0 

Yes 

Nigrosine  spirit- soluble,  CI.  #864 

100 

0 

Yes 

Fluorescein,  C2oHi204 

100 

0 

Yes 
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Name  of  compound 


Solid 

Concen-      Mode  of    Mortality  particles 
tration      appli-      after  16  visible 
cation      hours  in  water 


P. p.m. 

Thiocyano  Compounds 


p-Iodophenyl  ester  of  thiocyanic 
acid,  C7H4BTS 

p-Clilorophenyl  ester  of  thiocyanic 
acid,  C7H4CINS 

p~3romophenyl  ester  of  thiocyanic 
acid,  GjR^BtSS 

4~Chloro-2-nitrophenyl  ester  of 
thiocyanic  acid,  C^EgClHgOgS 

p , p 1 -Di  thio  cyanodiphenyl ami  ne , 

C14HS%S2 
Polymerized  thiocyanogen,  (CNS)« 

p-Phenyl-c(-thiocyanoacetophenone, 
Cl5HnlT0S 


2.5 


2.5 


2.5 


10 

40 
100 


Percent 
60.4 
53.6 
53.5 

88 

51 

50 
16 


Oily 

llo 

¥.0 

Yes 

Yes 
Yes 
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Table  3.     The  most 

effective 

compounds 

tested 
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Name  of  compound 

Concen- 
tration 

Mode  of 
appli-  I 
cation^ 

Mortality 
after  16 
hours 

Solid 
particle: 
visible 
in  water 

Phenothiazine 

P. p.m. 

1 

A 

Percent 

100 

No 

4-(p-Bromophenolazo)-resorcinol 

1.42 

A 

70.3 

Yes 

4-(p-Bromophenolazo)-o-cresol 

1.42 

A 

'  51.7 

Yes 

p-(p-Bromophenylazo) -phenol 

1.66 

A 

88.2 

No 

4-( 2, 5-Dichlorophenylazo) -o-cresol 

1.66 

A 

81 

No 

4-(p-Bromophenylazo)-m-cresol 

1.66 

A 

80.5 

Yes 

Phenyl  me reap tan 

2 

I 

65.6 

Oily 

Phenothioxin 

2 

A 

65 

No 

p-Tolyl  mercaptan 

2 

I 

52 

Oily 

6  -Me  thylph  ono  th  i  az  i  ne 

2 

A 

48.5 

No 

4- (p-Iodophenylazo ) -o-cresol 

2.5 

A 

93.2 

Yes 

p-Iodophenyl  ester  of  thiocyanic  acid 

2.5 

A 

60.4 

No 

p-Chlorophenyl  ester  of  thiocyanic  acid 

2.5 

I 

53.6 

Oily 

p-Bromophenyl  ester  of  thiocyanic  acid 

2.5 

A 

53.5 

No 

4  ,-Chloro-2-nitrodiphenyl amine 

2.5 

A 

53 

No 

4-(2, 5-Dichlorophenylazo) -re sorcinol 

2.5 

A 

49 

No 

m-Tolyl  mercaptan 

2.5  ' 

I 

49 

Oily 

4-( 2, 5-Dichlorophenylazo )-m-cre sol 

2.5  " 

A 

•  48- 

No 

5 , 5-Dimethylac  ridan 

3.3 

A 

64 

No 

Dibenzo  thi  ophene 

3.3 

A 

60 

No 

p-Bromobiphenyl 

3.3 

A 

51 

No 

4-(p-Nit rophenylazo ) -resorcinol 

3.3 

A 

50 

Yes 

l-Phenylazo-2-naphthylamine 

3.3 

A 

46 

Yes 

A,  addition  of  acetone  solution  to  water;   I,   suspension  in  water;  W,  solution 
in  water. 
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